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Abstract: This study is to develop the criteria for setting up scientific and quantitative evaluation of the values of
Korea’s geological heritage sites. The evaluation was made with a checklist on eight locations around Yeongwol-gun,
Kangwon-do, which had good accessibility and various geological periods and rocks. Reliability was measured with
evaluators’ agreement. the result was a satisfying 0.9. The analysis of evaluation results was applied to the judgment
of conservation values of geological heritage sites. As analysis results can provide more information on the judgment
of geological heritage values and basic resources surveys, emphasis must be placed on the development of more
diverse and concrete evaluation items.
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Introduction
Given the definition of natural heritage as prescribed in
Article 2 of the Convention Concerning the Protection of
the World Cultural &Natural Heritage (the “World Heritage
Convention”), the following shall be considered as natural
heritage; 1) Physical and biological formations or groups of
such formations, which are of outstanding universal value
from aesthetic and scientific point of view; 2) Geological
and physiographic formations and precisely delineated
areas which constitute the habitat of threatened species of
animals and plants of outstanding universal value from the
point of view of science or conservation; 3) Natural sites or
clearly delineated areas of outstanding universal value from
the point of view of science, conservation or natural beauty
(UNESCO World Cultural Heritage, 2004, Shackley, 1998;
www.unesco.or.kr).
Out of natural heritages, geological phenomena and
recordings of conservation values, such as the size of
geological and geomorphic development, uniqueness, and
rarity are referred as geological heritage. Nations around
the world make efforts to preserve geological heritage of
universal value by enacting various laws and classifying it
into UNESCO World Natural Heritage, Geoparks, Geosites
and National Nature Reserves (NNR). Korea is no exception.
The Korean government has enacted laws such as the
Cultural Properties Protection Act, the Natural Environment
Conservation Act, the Korean Wetland Protection Act and
the Natural Park Act to conserve and protect geological and
geomorphic properties.
The designation of World Natural Heritage Sites aims to
facilitate understanding and sharing of experiences among
visitors to the World Heritage Sites,and at the same time,
protect the World Heritage by enlisting cultural and natural
properties of universal value in the World Heritage Sites
(Reynolds, 1999). In particular, it is intended to prevent the
destruction of properties of universal value, and to place a
focus on encouraging international cooperation and
governmental activities, through recovery and protection
activities for properties in danger of destruction. At the
same time, countries administer fulfillment and supports for
cultural heritage or sites of conservation value,from the
natural or cultural point of view, in accordance with the
World Heritage Convention (Jafari, 2000).
Currently, domestic laws commonly defines geological
and geomorphic properties of landscaping, ecological,
academic, cultural, historic, and artistic values as a Natural
Monument. Accordingly, a Natural Monument is preserved
and managed based on conservation value, which is
measured using qualitative criteria. However, it is difficult
to objectively evaluate conservation value and select
geological and geomorphic heritage based on this
evaluation, due to discrete criteria of laws and the level of
generalization.
Foreign governments set quantitative evaluation items to
judge the value of natural heritage and present evaluation
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criteria, based on scientific evaluation results. In Korea, the
Korean Environmental Policy & Evaluation Research
Institute presents the need for quantitative evaluation
criteria for geological and geomorphic properties of
conservation value (Lee et al., 2003). Despite the need for
screening geological properties of conservation value based
on quantitative evaluation criteria, there is little research on
the quantitative criteria. It is urgent, therefore, to commence
research on the evaluation criteria.
A scientific and objective framework for quantitative
evaluation must be drawn out to make objective and
quantitative evaluation of the value of geological heritage
that contains some extent of qualitative nature, and
geological properties of qualitative nature can be clearly
and objectively assessed when such quantitative criteria are
added.
This study aims to search quantitative criteria tailored to
Korea's geological heritage and to provide basic data and
information for screening and conservation of geological
heritage by applying them to geological properties.
Method
Development of evaluation criteria
The evaluation criteria were developed to assess geological
properties in Korea, based on UNESCO Geoparks’ Self-
Evaluation Form and evaluation indicators for geological
heritage.
The criteria are composed of four areas: Value,
Conservation, Relationship and Accessibility of geological
heritage (Fig. 1).
Value of Geological Heritage represents geological,and
geomorphic and aesthetic value of geological heritage in
nature. It is the most important evaluation area for judging
the value of geological heritage. Conservation is to assess
conservation state and risks of geological heritage, and
Relationship is an area to assess association between the
cultural and psychological elements related to geological
heritage and the biosphere reserves. Finally, Accessibility is
to assess how easy it is to approach a geological heritage
site and how accessible to observe it. 
Table 1 shows the evaluation criteria developed to select
geological heritage in Korea based on such evaluation
areas. The format of evaluation criteria is based on a five-
level Likert scaling to measure the extent of accomplishment
required in the selected four areas. After review and
feedback of experts on the developed criteria, a total of 20
questions were devised. The questions are all positive,
except for the questions in Conservation, whichare
negative. Thus, the higher the Conservation score, the
lower the conservation.
For Value, 10 questions are developed (Question 1 to 8
about geologically and geomorphically native value,and
Question 9 and 10 about aesthetic value). There are four
questions for Conservation; Question 11 and 12 about the
current conservation state of geological heritage,and
Question 13 and 14 about threatening factors. There are
four questions for Relationship; Question 15 and 16 are
about psychological elements of study sites and neighboring
areas, and the presence of Biosphere Reserves; Question 17
and 18 are about the possibility of using the geological
heritage site for educational and research purposes. Lastly,
Accessibility has two questions (Question 19 and 20) about
how easy it is to approach the geological heritage site and if
it is possible to directly observe it.
Evaluation method
Evaluation was made by item after the field investigation
by two researchers to whom the developed evaluation
criteria were presented. Reliability was measured with an
agreement between two researchers. As a result, reliability
was a satisfying 0.9. The quantitative value was measured
for the geological heritage based on the evaluation results.
Subjects of research
To apply the evaluation criteria, Yeongwol in Kangwon-do,
a site that has diverse geological periods and rocks and is
geographically easy to access, was selected. There has been
a variety of structural, sedimentological, paleontological
and natural historical research in the area. In addition,
natural heritages of conservation value are distributed in the
area (Jin et al., 2004) 
This study selected eight sites of geomorphic and
geological value after the survey was conducted around
Yeongwol from February to October 2009, based on
literature review (Fig. 2). The value of geological heritage
was measured by applying the evaluation criteria and
finding out geomorphic and geological characteristics of
the sites.
Geological overview
The geology of Yeongwol is divided into a lower Paleozoic
stratum (Choseon Supergroup), an upper Paleozoic stratum
Fig. 1. Four Components of Evaluation Criteria for Geological Heritage.
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(Pyeongan Supergroup) and a Mesozoic stratum (Bansong
Group) (Korea Earth Science Society, 1999; Lee et al.,
2008). 
Characteristics of observation sites
Site 1. Beach sediments in Yobong Formation
The geological stratum constitutes the lower stratum of
Table 1. Evaluation Checklist of Geological heritage
Evaluation form for Geological Heritage Site Candidate (check list)
※ Please put a mark in the scale to indicate how much you agree.
5 90% level 4 70% level 3 50% level 2 30% level 1 10% or under
Item  Question 5 4 3 2 1
Value
1  Does the site have a sequence of strata that represents a geological period?
2  Does the site have a sequence of strata that divides geological periods?
3  Does the site have a sequence of strata that is distinguished from other strata? 
4  Are minerals or rocks that indicate geo-structure environment observed in the site?
5  Is the outcrCop (strata, lithofacy) rarely seen in other sites?
6  Is there a unique sedimentary structure or stratum which can interpret Paleoenvironment?
7  Are clear and various sedimentary events observed in the site? 
8  Are clear and various Structural geological events observed in the site?
9  Is there any unique natural phenomenon (Fossils, geysers, etc.) in the site?
10  Is the scenary beautiful in the site?
Conser
vation
11  How much is the outcrop weathered in the site?
12  How far does the sedimentary and structural geological weathering progress in the site? 
13  Are the site and neighboring area destructed by the development?
14  Are there any potential risks in the site and neighboring area?
Relatio
nship
15
 Are there any cultural and psychological factors (folk myths, anthropological and historic elements) related to the site 
and neighboring area?
16  Is there any Biosphere Reserve in and near the site?
17  Is it possible to use the site for research purposes? 
18  Is it possible to use the site for educational purposes?
Accessi
bility
19  Is it easy to approach the site?
20  Is it possible to observe right on the outcrop in the site?
※ For the Conservation area, the higher the score, the worse its conservation state is.
Fig. 2. The Map of the Research Site in Yeongwol-gun, Korea.
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Yobong Formation in the Carboniferous period of the
Paleozoic Erared sandstone and conglomerate layers
alternate from bottom to top. As the slope is almost
perpendicular, it looks like a castle wall (Fig. 3). The gravel
making up the conglomerate is 3-5 cm in size and its
mineralogy consists mostly of quartzite. Its roundness and
sorting are very good (Fig. 4).
Site 2. The Jurassic lacustrine sedimentary strata in
Yeonha-ri
In the site, Hyuncheonri Formationof the Jurassic Bansong
Group in the Mesozoic period unconformingly covers
Choseon or Pyeongan Supergroups. In all, the strata are
made up of black shale several cm thick and graded-bedded
sheet sandstone (Fig. 5).
At the stratigraphic interval, 15 to 16 deep, of sandstone
beds observed on the lakeshore, plant fossils are observed
from a few to several high. In addition, sedimentary strata
of ripple marks, graded beds and sand waves are observed.
Bivalvia fossils are observed in the black shale strata (Fig.
6).
In the site, there is a sedimentary environment of
terrigenous origin, where slow-settling black shale and
graded bedded sandstone are transported by turbidity
current, and rapidly settling down on top of fine sediments
on the lake floor.
Site 3. Limestone strata of the early Paleozic in
Seokhang-ri
Limestone strata of Seokhang-ri constitute Maggol Limestone
of Great Limestone Series, which is shallow marine
sediment of the Ordovician of the Paleozoic era. The strata
consist of several decimeters of gray or dark gray, rarely
bright purple, limestone or dolomite. They are disturbed by
faults and folds. Fine veins of calcite are observed in the
dolomitized limestone. In addition, there are strata out of
line wrought by the faults after the folding (Fig. 7).
Site 4. Two-Mica Granite in Naedeok-ri
Two-mica granite in Naedeok-ri is composed of equi-
granular fine and medium two-mica granite of the
Precambrian period, which has muscovite and biotite. It is
characterized by the presence of the Precambrian granite
without metamorphosis,and an exfoliation is observed.
Fig. 3. The Lower Part of the Yobong Formation.
Fig. 4. Well Rounded Pebbles in Conglomerate at the Base of the Yobong Formation.
Fig. 5. Jurassic Lacustrine Deposits at Yeonha-ri.
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Gray feldspar is also observed that characterizes the
Precambrian granite (Fig. 8).
Site 5. Pothole of Yoseonam
The geology around the Jucheongang (River) shore before
Yoseonjeong in Muleung-ri consists of the Jurassic biotite
granite of the Mesozoic period, where potholes and grooves
of several cm to a few m can be observed (Fig. 9).
A pothole is a cylindrical vertical hole in a river bed,
caused by a whirlpool developed when pebbles being
transported by river flow are forced into a hallow floor with
well-developed joints and swirl, while a groove is a deep
line cut alongside the direction of a joint.
Site 6. Doline of Seo-myeon
The site has the Ordovician Mungok group of the Paleozoic.
A doline can be observed that is formed by water’s erosion
on the limestone surface (Fig. 10). Water flows down
underground between cracks of limestone rocks, and forms
a funnel-like hole, called a sinkhole.
Site 7. Korea’s peninsular topography of Seonam Maeul
Mungok group is distributed in Seonam Maeul. Korea’s
peninsular topography is formed by differential erosions
and sedimentation of meandering river, so point bars and
cut banks are seen on both sides of the topography.
Fig. 6. Fossils and Sediment Structure of Yeonha-ri (A: Plant Fossils, B: Cross-Bedding, C: Ripple mark, D: Bivalvia).
Fig. 7. Early Paleozoic Limestone Strata at Seokhang-ri (A: Fold & Fault, B: Calcite Dike).
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Site 8. Karren in Dodeoksan (Mt.)
The site around Dodeoksan (Mt.) is the Ordovician
Mungok group,exposed above the ground in the form of
pointed rock column, mound, or groove, formed by the
Fig. 8. Two Mica Granite of Naedeok-ri (A: Sheet Joint, B: Gray Feldspar).
Fig. 9. Pothole and Groove of Yoseon-am.
Fig. 10. Doline and Sinkhole of Seo-myeon.
Fig. 11. Korea Geographical Feature of Seonam.
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corrosion of karst in a limestone area (Fig. 12).
Results and Discussion
The evaluation criteria developed toassess conservation
value of geological heritage in Korea was applied to eight
sites selected in Yeongwol in Kangwon-do. Two researchers
surveyed the selected sites. Table 2 shows the evaluation
results by item on the checklist.
Here is the analysis of the evaluation results.
Site 1. Beach sediments in Macha-ri
In the beach sediments in Macha-ri, Value area is 3.40
points, Conservation 3.88, Relationship 2.75 and Accessibility
5.00 (Fig. 13-A). 
This site has excellent geological value and accessibility,
and can be used for educational purposes. However,
Relationship score is low due to cultural and psychological
elements, and biosphere reserves have nothing to do with
the site. A provincial road passes 1m away from the
outcrop in the site, and the slope of geological strata is
almost perpendicular. So there are risks of destruction from
physical influence and erosion, such as movements of
trucks. In conclusion, the site has excellent geological value
and accessibility, thus it can be evaluated as natural heritage
of high conservation value for an educational place. 
Site 2. The Jurassic lacustrine sedimentary strata in
Yeonha-ri
For the Jurassic lacustrine sedimentary strata in Yeonhari,
Value area is 4.30 points, Conservation 2.25, Relationship
2.25, and Accessibility 4.50 (Fig. 13-B).
The site is highly evaluated for natural value because it is
a contrast to lake turbidity current confirmed in the Jurassic
sediments of Danyang and Chungnam coal fields, and has
clear sedimentary structures and Jurassic plant fossils that
indicate ancient environment. In addition, Accessibility is
relatively good, and the site can be used for educational
purposes. But, cultural and psychological elements turned
out to be quite low. 
Site 3. Limestone strata of the Early Paleozic in
Seokhang-ri
There are faults and folds in the limestone beds of the early
Paleozoic period, but Value area turned out to be low due to
low geological rarity and diversity. 
Accessibility to the site is good, but Relationship is low
due to low utilization opportunities for educational and
research purposes and absence of cultural and psychological
elements. By area, Value is 2.75 points, Conservation 3.38,
Relationship 1.50 and Accessibility 4.50 (Fig. 13-C). 
Site 4. Two-Mica Granite in Naedeok-ri
The site has geological significance in that the Precambrian
granite is well maintained to date without
metamorphosis,and gray feldspar is seen in the granite.
However, Value is low due to low geological diversity and
scenic beauty. Accessibility is excellent, but Relationship is
low because the area has nothing to do with the selected
site. By area, Value is 2.25, Conservation 2.50, Relationship
1.75, and Accessibility 4.00 (Fig. 13-D).
Fig. 12. Karren of Dodeoksan Mt.
Table 2. The Result of Evaluation for contents
site contents
resercher 
A
resercher 
B
mean site
resercher 
A
resercher 
B
mean site
resercher 
A
resercher 
B
mean site
resercher 
A
resercher 
B
mean
1
value of geological heritage 3.40 3.40 3.40
2
4.30 4.30 4.30
3
2.80 2.70 2.75
4
2.30 2.20 2.25
conservation 4.00 3.75 3.88 2.25 2.25 2.25 3.25 3.50 3.38 2.50 2.50 2.50
connection 2.75 2.75 2.75 2.25 2.25 2.25 1.50 1.25 1.38 1.75 1.75 1.75
assibility 5.00 5.00 5.00 4.50 4.50 4.50 4.50 4.50 4.50 4.00 4.00 4.00
5
value of geological heritage 3.00 3.30 3.15
6
2.60 2.60 2.60
7
2.70 2.60 2.65
8
2.40 2.40 2.40
conservation 2.00 2.25 2.13 2.50 3.00 2.75 3.00 2.75 2.88 3.00 3.00 3.00
connection 2.25 2.50 2.38 2.25 2.25 2.25 3.75 3.75 3.75 2.25 2.25 2.25
assibility 2.50 2.50 2.50 2.50 2.50 2.50 5.00 5.00 5.00 2.50 2.50 2.50
Here is the analysis of the evaluation results.
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Site 5. Pothole of Yoseonjeong
For thesite, Value is 3.00 points, Conservation 2.13,
Relationship 2.25 and Accessibility 2.50 (Fig. 13-E). 
Geomorphic and scenic values are highly evaluated.
Fig. 13. Distribution between Contents in Research Site.
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Unlike other sites, the site has legends on the Buddhist
temple and Yoseonjeong, so it has high scores for cultural
and psychological elements. Educational relationship
turned out to be high, since it can be used for educational
purposes. Given the analysis of evaluation results, the site
has high balanced scores throughout the evaluation criteria.
This analysis shows ideal characteristics for geological
heritage of Conservation value. 
Site 6. Doline of Seo-myeone
For the site, Value area is 2.60 points, Conservation 2.75,
Relationship 2.25 and Accessibility 2.50 (Fig. 13-F).
The site where doline and sinkhole are observed has
excellent access to the outcrop located in the farmland. It
has geomorphic value and excellent educational relationship.
However, the site is being used for farming, and has
artificial risks of destruction. Therefore, Conservation value
is low. 
Site 7. Korea’s peninsular topography of Seonam Maeul
For the site, Value area is 2.65 points, Conservation 2.88,
Relationship 3.75 and Accessibility 5.00 (Fig. 13-G).
As this area is developed as a tourist site, Accessibility is
very excellent,and scenic value is high because it looks like
the Korean peninsula. It can be utilized for educational
purposes, as there are geographic characteristics formed by
incised meander. Although destructive risks are low, there
are some potential risks since it is being developed as a
tourist site.
Site 8. Karren in Dodeoksan (Mt.)
For the site, Value is 2.40 points, Conservation 3.00,
Relationship 2.25, and Accessibility 2.50 (Fig. 13-H).
Access to the site is difficult due to the cement factory
nearby. So the outcrop must be observed at a point 200 m
away. It is difficult to observe the outcrop because it has
been filled off by vegetation. Conservation is extremely low
because the outcrop is severely damaged by the operation of
cement mining. Geographical value is recognized but,
diversity and rarity are low. 
Results and Discussion
This study consists of two main conclusions, drawn after
scientific and quantitative criteria are developed and
applied to objectively evaluate the value of geological
heritage. 
The developed four-area evaluation criteria, consisting of
20 questions, are designed to draw objective and quantitative
results on the value of geological heritage in Korea, though
it is difficult to make an objective evaluation on the value of
a geological heritage that contains qualitative factors. The
evaluation results are presented as basic data to evaluate the
value of a geological heritage site of qualitative nature, and
to compare with other geological heritage sites.
Eight sites in Yeongwol-gun are selected to establish the
evaluation criteria, as the area has various geological
periods and rocks and easy accessibility. Such analysis will
provide information and data required for the evaluation of
a geological heritage, and serve as the basic data for the
conservation of natural heritage, and establishment of
geoparks and educational Sites.
It may be difficult to generalize the evaluation results
from this study to evaluate the value of a geological
heritage. However, this study suggests placing more effort
in making a more objective evaluation, concrete criteria
through continued research and discussions. 
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